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Abstract--The objective of this research is to explore the
facilitating role of organization network and ontology in
identifying cross-border technology entrepreneurial
opportunities to pursue innovations that achieve value creation.
Based on a series of case studies of the integrated circuit (IC)
design knowledge service industries, we explore the importance
of entrepreneurial opportunities and organization boundary
spanning in the dynamic process of international
entrepreneurial (IE) activities. Previous IE studies have largely
been characterized as static, cross-sectional, production
sector-oriented and a lack of service sector and/or comparative
research. As a result, the characteristics related to the emerging
knowledge service sectors, the longitudinal aspects and
cross-sector comparisons have largely been unexplored. Prior
work in the IE tradition stressed mostly on the judgment-based
or purposive sampling also means that the results are difficult to
generalize. There is a major gap in providing rich perspective
from multiple informants involved in technology
entrepreneurial processes.
Through the case studies of several IC design service
providers, this research expects to clarify the dynamic
transformation process of opportunity and value creation.
Specifically, the issue of how the process is supported by the
richness and the dynamically integrative effects of the various
organization ontological elements is explored with a
comparative study of the cross-border cases. Based on the
theoretical and empirical findings, the implications will then be
drawn out for strategic management of cross-border knowledge
service and the associated business policy and practice.
I. INTRODUCTION
Entrepreneurship is the process by which the
opportunities for the creation of markets for new products
and services are identified, pursued and exploited [3].
Entrepreneurship literature finds that firms often conduct two
main actions as part of the entrepreneurial process to achieve
the goal of value creation, i.e., opportunity identification and
opportunity exploitation [40][41][72]. Other literature
indicates that successful identification and exploitation of
opportunity is based on a firm's prior knowledge [2][45] and
draws on its innovation practices [9][28][5 1].
Based on an on-going case study of IC design industry in
Taiwan, we argue that opportunity creation arises from the
synthesis of entrepreneurial actions and effects on
environmental changes [18]. In other words, opportunity
creation arises not only from the implementation of
entrepreneurial actions, but also from the build-up of the
organization knowledge for recognition and exploitation of
the opportunities, specifically, in terms of transformational
growth in value. Indeed, we propose that the embedded
organization knowledge provides the essence for the new
ideas and aids in the recognition and exploitation of
entrepreneurial opportunities [21] and providing the catalyst
for value creation [25].
II. THEORETICAL BACKGROUND
Firms often face external environments of high
uncertainty [78]. Many of them are capable of exploiting
organizational innovations in response to environmental
change [24][80] and identifying market opportunities from
environmental uncertainties to create high value [41][32].
Bigoness and Perrault [7] also argue that it is necessary that
firms scan and develop the information that is related to
environmental evolution and opportunities. Especially for
high-tech start-ups, how to properly use organizational
innovations in response to change of environmental
uncertainties has become a great challenge [47]. We will
ground the discussion of organizational innovations upon the
classification of innovation by product innovation and
administrative innovation [79] [24], to reveal the strains of the
two kinds of innovations on the dynamic process of value
creation.
A. Environmental Uncertainties and Market Opportunities
In an initial stage of organization development, the urge
of organizations is to gain immediate profits [61]. While the
foundations are established and many uncertainties of present
market still exist, the problem of recognizing market needs
does not disappear [70]. Milliken [55] suggests that the
source of environmental uncertainty is when administrators
perceive the organization's external environment to be
unpredictable. To a certain extent, volatility, complexity, and
heterogeneity make environments difficult to predict. In
other words, environmental uncertainty means the degree to
"which organizational decision makers perceive
unpredictable changes in their external environment [46]."
Because of a variety of external environmental factors, it is
difficult which strategy should be adopted and it is hard to
change the organizations [80][66][53]. The views of these
scholars disclose the variety or uncertainty is a thorny and
threatening problem for organizations.
However, environmental uncertainty can be an
opportunity for firms. Hitt, Ireland, Camp and Sexton [41]
and & Galunic and Eisenhardt [32] argue that firms will
create great value for themselves if they can transform the
potential environmental uncertainties into market
opportunities along with the rapid changes of technological
or customer needs. Miller [54] notes that environmental
uncertainty can be classified into six areas, (1) the
uncertainty of government policies, (2) macro-economic
uncertainties, (3) the uncertainty of the resources and
services used by a company, (4) the uncertainty of the
product market and demand, (5) the uncertainty of
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competition, and (6) the uncertainty of the technology in the
industry. Here, we focus mainly on the uncertainty of the
product market and demand to explore how the start-up firms
use the type of uncertainty and business opportunity [61] in
cross-border situations. Tidd, Bessant, and Pavitt [79] further
propose that firms could adopt innovative strategies to
reconcile with environmental uncertainty. We discuss
innovation and entrepreneurship in detail as follows.
B. Innovation and Technological Entrepreneurship
Innovation can be considered a response which reacts to
environmental change or a change means in organizations
[24]. Amit and Zott [1] further suggest that innovation is an
important source of value creation. Mowery and Rosenberg
[56] argue that innovation could be generated by technology
push or market pull. Schumpeter [71] addresses that sources
of profits are derived from domination of firms over
customers, not from service for customers. His argument
stresses that technology push is the most important driver of
innovation and outperforms market pull. In contrast, Mowery
and Rosenberg [56] suggest that market pull has more
influence on innovation than technology push. The two
scholars center on an effective innovation originated mainly
from firms' recognition of customer needs and from the
necessity for firms to provide proper products or services to
satisfy their customers. Besides, firms cannot only rely on the
present market demands but on the future demands of
customers to implement innovation [15]. Therefore, Cooper
and Brentani [19] & Crawford [22] further propose a key of
success of innovation is to know and to grasp customer
demands.
We will ground the discussion of typologies of
organizational innovation upon product and administrative
innovations to reveal their stress on the dynamic process of
value creation [79] [24]. With respect to the studies of
innovation in a turbulent environment, new product
Intellectual/Social Capital
Network ties
Network configuration
Linking mechanism
Shared codes/languages
Relationship (trust, norms, etc.)
development is a requisite capability to firms [79].
Furthermore, because many uncertainties are involved in a
development process of new products, firms need to have the
ability of visioning [38] to achieve success [61].
With respect to administrative innovation, Cummings
and Suresh [24] and Damanpour and Evan [23] propose that
administrative innovation has a considerable effect on the
operation of organizations. They address administrative
innovation exists in a social system of firms. The social
system is an interactive relation formed by transactors in
order to reach a specific goal. The innovation in the social
system includes changes of communication or transaction on
rules, roles, means, and structures, which could play
prominent roles in cross-border innovation and
entrepreneurial activities.
This research is directed to exploring the impacts of
dispersed intellectual/social capital and organization
ontology on entrepreneurial opportunity creation [27]. Based
on a series of entrepreneurship case studies in
technology-based firms in Taiwan, we argue that value
creation arises from the synthesis of entrepreneurial
knowledge and actions on the opportunities afforded by the
environmental changes. As there are limited local sources
of advantages as lead markets[6] for diffusion of innovations,
many local firms engage in cross-organization activities early
in their start-up phases and focus on how profitable
opportunities are identified and exploited, as well as how
environmental factors affecting the entrepreneurial actions
leading to transformational value for their firms. The
conceptual model of cross-organization opportunity creation
is shown in Figure 1. The constituents of this model
involving employing organization ontology to leverage the
dispersed intellectual/social capital for opportunity creation
are described below.
ntrepreneurial Opportunities
Creation of opportunities
Recognition of opportunities
Exploitation of opportunities
[itiative for value creation
Organization Ontology
Objective Ontology
Collective Ontology
Subjective Ontology
Autonomous Ontology
Figure 1. A moKdel of the rdeationships aniong inteldlectLu and scida capitel, organization ontology and
entrepreneurial opportunities and vcl ue
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C. Organization Ontology
This research adopts a knowledge-based view of firms,
which focus on knowledge as its most strategically important
resources [35]. By having superior knowledge, an
organization can understand how to exploit and develop its
traditional resources better than its competitors. The ability to
acquire, integrate, share, and apply it is the most important
capability to build and sustain competitive advantages. In a
general sense, this view is an extension of the resource-based
view [67]. Organization knowledge in a typical enterprise
represents many types of knowledge, such as engineering,
marketing, administrative, logistics, etc. The emphasis here is
on the roles the organization knowledge play. Zander and
Kogut [84] find that the codifiability affects the ability of the
organization to transfer and apply the knowledge. The
complexity of the knowledge and the network context are
found important for knowledge application and transfer [39].
We will adopt a widely cited classification of the
organizational knowledge by Spender [75]: the individual
explicit knowledge, individual implicit knowledge, social
explicit knowledge and social implicit knowledge. The
capability to combine a variety of knowledge across the
border allows the firms to re-create knowledge and
contribute to opportunity discovery spanning the existing
boundary. This mapping of organizational knowledge to the
discovery of entrepreneurial opportunities is a fine one. In
some situations, organizational knowledge may in fact
effectively lead directly to the entrepreneurial opportunities.
To further clarify the relationship, we have introduced the
use of organization ontology in the process to create a refined
model, as described below.
Ontology is a formal explicit specification of the shared
conceptualization or model. It consists of formal descriptions
of entities and their properties, relationships, constraints, and
behaviors, as well as the rules for combining entities and
relations [58][31][36][20]. As ontology is widely used for
different purposes (knowledge management, e-commerce,
intelligent information system, natural language processing,
etc.), there are a wide variety of methodologies and tools for
building the different kinds of ontological systems for the
above information system applications. Our intent here is to
use the ontology concept in its broad sense to cover not only
the business organizations but also organizing the business;
that is, the scope of the concept includes not only the
business entities, but also the knowledge that can be inferred
from it. As such, an organization ontology will need to model
organizations as being made of networks of social actors,
processes, and institutions. Indeed, from enterprise modeling
views, organization ontology is often considered to include a
set of actors, institutions, activities, rules and procedures,
The action perspective of the organization ontology
emphasizes the social activities by which the actors/agents
generate the space of coordinated actions in which they work
[3 1][36][30].
D. Intellectual/Social Capital
Intellectual capital has increasingly been considered a
valuable intangible asset for start-up firms in opportunity
creation, since it provides human intellect, structural routines,
and network of relationships that can lead to competitive
advantage. For example, in the dynamic market and
technology environment the IC design industry facing, the
types of development team, venture operations and routines,
and the inter-organization network relationships would affect
the creation of new opportunities. Intellectual capital is
considered to include (1) human capital - the knowledge
embedded in the mind of the human worker, (2) structural
capital - the organization routines of the business, and (3)
relational capital - the knowledge embedded in the
relationships with the outside environment. Edvinson and
Sullivan [29] and Nahapiet and Ghoshal [57] suggest that
intellectual capital represents the stock of knowledge that
exists in an organization at a particular point in time, which
is embedded throughout its social relationships and expands
its value chains. It is evident in our case study that social
capital is influential in developing new intellectual capital
needed in exploring the entrepreneurial opportunities.
Furthermore, the institutional settings of the high-tech
environment nurturing the industry are conducive to the
building up of the social capital important to recognizing and
exploiting the opportunities [41][57]. Many of the
mechanisms that advance the entrepreneurial process reside
in the continuously evolving cycles of developing intellectual
capital, organizational knowledge, and opportunities.
E. Entrepreneurial Opportunities
Opportunity is a perceived bundle of unrealized values
[48]. The purpose of opportunity identification is to seek
profitable opportunities that others have not identified or
exploited. Stevenson, Roberts and Grousbeck [76] indicate
that identifying and selecting the right opportunities is the
most important capability of entrepreneurial firms. The
capability of opportunity identification relies on prior
knowledge in entrepreneurial firms. Ardichvili, Cardozo and
Ray [2] argue that prior knowledge is available to trigger the
discovery of a new opportunity, a new market, or a new
solution to customer's problems for entrepreneurial firms. As
knowledge increases, entrepreneurial opportunity also
increases [45][48]. Given the distinctive prior knowledge of
entrepreneurial firms, they may identify several potential
profitable opportunities that others have ignored [59][72].
Subsequent to opportunity identification, entrepreneurial
firms engage in opportunity exploitation [72]. Within the
strategies of opportunity exploitation, innovation could be
considered an important practice of value creation
[9][28][40][50]. Innovation can be broadly categorized as
technical or administrative [24]. Technical innovations are
defined as "innovations that occur in the technical system of
an organization and are directly related to the primary work
activity of the organization" [24]. For instance, innovative
information technologies could provide possibilities to create
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value for customers [2] and firms [1]. Thus, firms are forced
to establish the relationship between new information
technologies and customer needs in order to create value.
Administrative innovations are defined as "innovations
that occur in the social system of an organization" [24]. The
social system is an interactive relationship formed by actors
to reach a specific goal. Innovation in the social system
includes changes of communication or transaction of rules,
roles, means, and structures [24]. In the case of IC design
industry in Taiwan [18], we had addressed an important
strategic issue: how the technology entrepreneurial firms in
the industry identified market and technology opportunities,
developed organizational innovations, and finally created
value. The conceptual framework focused on the interaction
of organizational knowledge, intellectual capital, and the
entrepreneurial opportunity. In the majority of the firms,
there are several dimensions of organization knowledge and
cross-border intellectual/social capital that have direct
impacts on the entrepreneurial opportunity and the initiative
for value creation. We also base our investigation of the
effects of intellectual capital on entrepreneurial opportunity
identification upon the cross-border social network. The
initiative for value creation can be examined with
classification of innovation proposed by Tidd, Bessant and
Pavitt [79] and Damanpour and Evan [24] to reveal the
international links for the two kinds of innovations on the
dynamic venture creation processes in the Taiwanese IC and
information technology industries [73] [10] [69] [12].
III. BUILDING A THEORY OF ONTOLOGICAL
ENGINEERING FOR OPPORTUNITYAND VALUE
CREATION
In this research, we have chosen IC design firms' case
study to explore the relationship among organization
ontology, intellectual capital acquisition and entrepreneurial
opportunity and value creation. We have adopted the
principle of iterative of Glaser and Strauss [34] in the process
of collecting the data relating ontology engineering and
capability building. The closure point of data collection on
the case in this paper is when theoretical saturation [34] is
reached.
With respect to the case data sources, we use multiple
sources of evidence suggested by [83]. First, we collect the
secondary data through webs and current press information
to gather the historical events in the firms related to structural,
cognitive and relational dimensions of the intellectual
sources. Second, we use focused interviews [52] and phone
and e-mail follow up to fill the gap of historical events in to
collect the first data.
With respect to the data analysis, this research uses the
analytical techniques of chronologies as a special
"time-series" [83]. We allocate events in a chronology that
can make clear causal relationship of events in ontological
engineering activities in a specific period. Accordingly, we
have established and illustrated the chronological
development process of events of the IC firms in order to
show the causal relationship among intellectual capital,
opportunities, and innovative value creation as depicted in
the model described below.
This research aims to explore the facilitating role of
organization ontology to identify technology entrepreneurial
opportunities to pursue innovations that achieve value
creation. Based on the case of the IC design industry, we
explore the importance of entrepreneurial opportunities and
organization ontology embedded in the dynamic process of
value creation. Through the IC design case study, this
research expects to clarify the dynamic ontological
transformation process of innovation opportunity and value
creation.
The IC design industry in Taiwan is chosen in this study
because there are many firms in the industry that are
successful worldwide and, more importantly, these firms
provide the richness of the intellectual and social context.
Collectively, the rich and dynamic nature of the IC design's
product market come with a structured technology patterns
and norms evolving over the last decade which provide a set
of crystallizing lens on the transformation and clustering
effects of the various ontological elements afforded by close
examination of the evolutionary paths of the IC technology
systems. According to the individual revenue reports of the
key players in the last decade, we find a high-growth with
highly volatile performance.
One the one hand, we find that there are dramatic
performance changes which are partly due to the technology
and market changes, which forms many entirely different
innovative practices to accelerate the accumulation of
cross-boundary knowledge which are key to facilitate great
growth of revenue. On the other hand, we also find the trends
of successive increment of entrepreneurial activities, venture
initiatives, and market opportunities, which parallel with the
trends of product and technology varieties and revenue
growth [8]. Based on the premise of the organizational
knowledge as socially embedded, this project hence explores
how the IC design firms effectively capture the opportunity
in the highly uncertain environment to create value. There
are four IC firms selected from those specialized in IC
technology development involved in the microelectronic
product design, productions, system integration, and the
combinations of the above.
A. An Organization Ontology Engineering Model
As stated earlier, environmental uncertainty can be an
opportunity for firms, if they can transform the potential
environmental uncertainties into market opportunities along
with the rapid changes of technological or customer needs.
Even with such needs exist, In order to achieve value
creation, there are several necessary conditions for the
realizing transformation to take place: 1) access to the parties
holding the resources, 2) anticipation of the values, 3)
motivation to act, and 4) sufficient capability to perform the
transformation. The primary transformation processes, as
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Schumpter [71] had argued, are recognized as the
combination and exchange processes.
Based on this recognition and the intellectual/social
capital creation process proposed by [57], we propose a
staged model for the ontological engineering of intellectual
capital for opportunity and value creation, as depicted in
Figure 2. Our view of opportunity creation is fundamentally
rooted in the dynamics of intellectual/social capital creation
process guided by an ontological engineering process.
Typically, the goal of ontological engineering is for effective
support of ontology development and use throughout its life
cycle - design creation, evaluation, deployment, mapping,
sharing and reuse [36]. The ontology in the context of the IC
design case refers to the relations, combinations, and
exchanges of the elements pertaining to the entrepreneurial
resources and mechanisms.
Intellectual/Social Capital Ontology for Combination and Exchange of Intellectual Capital Creation of OpportunitiesNValues
A. Structural dimension
Network ties
Network configuration
Appropriate organization
Figure 2. A Sage modd for the ontology enginering
For example, the ontology for exercising the network
ties in the IC firms influences the access to the parties and
the anticipation of value for a particular initiative.
Specifically, links Al and A2 in Figure 2 are prevalent in the
leading digital and analog circuit design firms in the
cross-border conception-design-production collaboration
arrangements. Social contacts provide referrals to the people
and organizations in the network which influence the
opportunities to combine and exchange of the knowledge
related to the initiative. The ontology directed to fostering the
trust and identification factors in anticipating the value and
motivating the action of an initiative would enhance the
opportunities and value created. (As shown in links Cl and
C2 in Figure 2, the case in point explicates the extensive
outsourcing and market partnering patterns of the IC design
house as affected by the alliance relationship and geographic
clusters. The knowledge for the levels of trust needed in the
intention, capability, reliability, and openness in the other
parties plays a key role in the new venture initiatives.) The
objective for developing the model is twofold: 1) to expand
the concept of organization ontology further by including
intellectual/social capital creation process, and 2) to gather
empirical evidences testify to the important role of
organizational knowledge on the intellectual capital and the
entrepreneurial opportunities.
B. Cross-border Collaborative Innovation and
Entrepreneurship for Knowledge Services
A key to collaboration in the open innovation
environment is the collective govemance of distributed
innovation resources [16][60][13]. Intellectual capital has
increasingly been considered a valuable intangible asset for
start-up firms in opportunity creation, since it provides
complementary human intellect, structural routines and
network of relationships that can lead to competitive
advantage. This research uses the ontology model described
above to cover not only the business organization but also
organizing the business cross the organization boundary; that
is, the scope of the concept includes not only the business
entities, but also the knowledge that captured and inferred
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through a network of social actors, processes, and institutions
across the border. The action perspective of the organization
ontology emphasizes the social activities by which the
actors/agents generate the space of coordinated actions in
which they work. This research also adopts some of the
experimental concepts and approaches which have been
explored for the collaborative integration of dynamic
ontologies in scope and scale [17][68][5][37].
The IC design sectors studied include representative
cases in the traditional IC design, manufacture, and logistic
services and digital intellectual capital (IP) content design,
production, and delivery services. Figure 3 presents the
ontology structure for a sample case involving the traditional
and knowledge-based delivering the IC design services. The
opportunities for the design service are created with the
combinations of technological, management and social
knowledge residing within the firm (e.g., the circuit design
know-how), across the firm boundary in the incubating
organizations (e.g., knowledge related to market position and
customer needs), and across geographical border or the
governance structure (e.g., market segment and test process
know-how embedded in the test equipment). As shown in the
example, it is the dynamic boundary spanning and delivery
of the combinatory knowledge that are critical in the
realization of the entrepreneurial knowledge through the
occupational and contextual mechanisms of knowledge
creation.
Figure 3. Ontology dynamics for entrepreneurial knowledge generation:
A Case of IC Design Delivery
Through the comparative case studies of the above two
knowledge service sectors, this research clarifies the dynamic
transformation process of opportunity and value creation,
supported by the richness of the intellectual context and
clustering effects of the various organizational ontological
elements afforded by a comparative study of the cross-border
collaborative innovation activities in the two sectors.
Analysis of Taiwan IC design industry indicates that in
an initial stage of entrepreneurial firm's development, the
prime imperative is to gain immediate product/process
demonstration and market acceptance. While the knowledge
base foundations are established and many uncertainties in
market exist, the recognition of market opportunity is critical
[70]. For example, due to the volatility, complexity, and
heterogeneity of the environment, the difficulty and
opportunity lie in the alignment of various knowledge
sources. The ontological model is further expanded to reveal
the organizational boundary spanning and recombination by
including cross-border intellectual/social capital creation
process and to gather empirical evidences for the important
roles of ontological integration of organizational knowledge
to guide the collaborative innovation and entrepreneurial
opportunities.
Cross-border collaborative innovations on the
knowledge-intensive services are a significant and growing
part of all developed and developing economies. These
services including industrial production and logistics services,
information and software services, R&D and technical
services, business consulting and marketing services,
education and human resource development, medical and
health care services, finance and entertainment services, etc.
Drivers of these services include the demand side factors,
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including access to the specialist skills, competitive pressure,
cost control and demand variability, all of which tend to
increase demand for the knowledge service [62-65] [81][43].
One important way for the cross-border opportunity to
emerge is through the digital delivery of the service, which is
quite mature for some sectors in the IC design industry (e.g.,
digital, analog and mix-signal circuit design and
development) and still emerging in others (e.g., design cell
and library services.) In this research, we have examined the
wide context of cross-border collaboration to deliver
knowledge services which illustrates various modes of
services, from digitally mastering, mediating, outsourcing,
and delivering services. This framework categorizes the
forms of the collaborative knowledge services from
face-to-face to fully cross-border digital delivery (time
independent, different place and different organization, that
is, geographically distributed electronically mediated
services across organization network and boundary [81][43].
Based on this framework, this research further examines the
drivers, mechanisms, the potential opportunities, and impacts
for collaborative entrepreneurial services.
IV. CONCLUSIONS AND DISCUSSION
This paper explores how technology-based
entrepreneurial firms in Taiwan IC industry draw upon
organization knowledge, intellectual capital, resources and
social networks across border in the process of intemational
entrepreneurial activities. The premise of the research is on
the active role for integrative organization ontology to
capitalizing on the dispersed intellectual capital for
entrepreneurial opportunity creation. The study extends the
existing IE literature by highlighting the importance of the
cross-organization knowledge generation activities to address
the emerging market trends and technology changes via
collective, knowledge-driven entrepreneurial actions.
This research adopts case study approach to explore,
analyze and compare entrepreneurial process of selected IC
firms, specialized in IC technology development involving
design, productions, and system integration. The main
outcome of this research is to establish a dynamic ontology
engineering model the technology-based start-ups used for
identifying innovation opportunity and enhancing knowledge
exchange/creation through social network. The model needs
to employ a combination of ontological transformation and
learning capabilities for knowledge creation and opportunity
recognition. As a result, new knowledge capital can be
generated and regenerated to strengthen competitive
advantage.
One key finding of the study is the observation of the
dynamic and boundary-spanning characteristics of the
organization ontology which are essential for the firms to
capitalize on the diverse intellectual/social capital across the
border in the globalizing knowledge service industries. The
study reveals the central role for ontological integration of
organizational knowledge to guide the collaborative
innovation offered by the intemational entrepreneurial
process. The main leverage is on the capability to conduct
collaborative experimentation and integration of dynamic
ontologies in both the scope and scale. The implications of
the findings refer to the great potential opportunities the
knowledge intensive services can capture by leveraging the
vast open sources of intellectual and social capital. The
empirical findings in this research can contribute to the
guidelines for policy and practice of related industrial firms
engaged in the cross-organization entrepreneurial process of
value creation through delivery of knowledge services in the
technology-based industries.
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